The prevalence of tobacco smoking among adolescents aged 13-15 years old in Madagascar was previously reported to be higher than the average in other African regions. A preventive approach is urgently needed to avoid the initiation of early tobacco smoking. Therefore, the aims of this study were to evaluate the status of tobacco smoking among primary schoolchildren in Madagascar and explore the factors associated with initiation of tobacco smoking in the young. This study was conducted in the Mahajanga region of Madagascar. Three primary schools in this region and children of both genders between the ages of nine to 12 years old were randomly selected and approached to participate in this study. A self-administered questionnaire modified from the Global Youth Tobacco Survey Core Questionnaire 2007 was used to assess the status of tobacco smoking among primary schoolchildren. A total of 150 schoolchildren (14.0%) declared that they had smoked tobacco, with 30% starting to smoke tobacco at the age of seven or younger. The prevalence of tobacco smoking was lower among schoolchildren with non-smoking parents (p < 0.001) or non-smoking close friends (p < 0.001). Furthermore, schoolchildren's antismoking intention (p < 0.001) and their knowledge about the harmfulness of tobacco (p ¼ 0.009) had significant effects on the prevalence of tobacco smoking. The results of this study indicate that tobacco smoking among schoolchildren in Madagascar may be influenced by peers, or parents, as well as smoking intention and knowledge about the harmfulness of tobacco use.
INTRODUCTION
Tobacco smoking is one of the biggest public health threats the world has ever faced (WHO, 2015a) . Although, the prevalence of tobacco smoking has decreased in high-income countries, it has been increasing globally (Eriksen et al., 2015) , because the tobacco industry has been targeting people in low-and middleincome countries, particularly young people and women (Lee et al., 2012) . The World Health Organization (WHO) previously reported that over one billion people worldwide were smokers, with more than 80% of the world's smokers living in low-and middle-income countries (WHO, 2015a) . Tobacco smoking in Sub-Saharan Africa (SSA) has also been rapidly increasing. The WHO estimated that cigarette consumption in the WHO African region (AFRO) increased by 133% between 1970 and 2000 (Guindon and Boisclair, 2003) . Moreover, Africa faces a greater risk of future growth in tobacco smoking following the recent dynamic economic development and continued population growth. If current tobacco smoking trends continue and/or no additional tobacco control policies are implemented, tobacco smoking prevalence, in the combined population of males and females in Africa, will increase from 16% in 2010 to 22% in 2030 (Eriksen et al., 2015) . Tobacco smoking kills nearly six million people each year and accounts for the death of one in 10 adults globally (WHO, 2015a) , because tobacco smoking is the only risk factor shared by all four of the leading non-communicable diseases (Eriksen and Ross, 2012) . The future situation is estimated to become worse, because there is a long interval between the onset of tobacco smoking and initiation of diseases and subsequent deaths (Petersen, 2003) . Therefore, the full influence of tobacco marketing and increasing rates of tobacco smoking, in the developing world on current globalization, will only be reflected in the coming decades (Petersen, 2003) .
Madagascar has one of the highest prevalences of tobacco smoking among countries in AFRO. A total of 27.3% of males, between 15 and 54 years old, in Madagascar smoked tobacco in 2003/2004 , and this was the highest rate among the 14 SSA nations (Pampel, 2008) . According to the Global Youth Tobacco Survey (GYTS) in Madagascar in 2008, a total of 42.3% of boys and 15.6% of girls, between 13 and 15 years old, had smoked cigarettes. These findings indicate that the prevalence of tobacco smoking among youths in Madagascar was higher than the average in AFRO (CDC 2008a; Blecher et al., 2014) .
People who start smoking early encounter greater difficulties when attempting to quit. They are also more likely to become heavy smokers and develop a smokingrelated disease (WHO, 1998) . Based on the evidence, most people start to smoke tobacco before the age of 18 years (Lynch and Bonnie, 1994) , with almost a quarter starting to smoke tobacco before the age of ten (WHO, 2008) . To reduce the burden of tobacco-related diseases and premature death, the development of an antitobacco smoking promotion program is urgently needed to avoid the initiation of, or addiction to, smoking. However, most data collected on smoking target adults or adolescents; GYTS standard sampling methodology targets students aged 13-15 years, so very little data has been collected on smoking in children under 12 years old not only in Madagascar but also globally (CDC 2008c; Huang et al,. 2013; Veeranki et al., 2015) .
Therefore, the aims of this preliminary study were to evaluate the status of tobacco smoking among primary schoolchildren in Mahajanga, an urban town in Madagascar, and assess the factors associated with initiation of smoking tobacco in the young before implementing a preventive program to postpone the age of initiation of tobacco smoking among schoolchildren in Madagascar.
MATERIALS AND METHODS
This study is based on the GYTS, which is a standardized school-based comprehensive tobacco surveillance system used globally, particularly in low and middleincome countries, where few surveillance activities have been conducted (CDC 2008c) .
Study population
This study was conducted in an urban area called Mahajanga, which is the biggest city in the Boeny region in Madagascar. There were 12,164 students in 15 primary schools in Mahajanga as of April 2012. The twostage cluster design was used to select samples based on the guidance of GYTS. In the first stage, three primary schools in the region were randomly selected using a random number table with a probability proportional to enrolment size; schools with a large enrolment size had a greater chance of being selected. The second stage consisted of systematic equal probability sampling (CDC 2008c) . Classes (in grades 3 to 6) were randomly selected from the selected schools, and the school dentist randomly selected participants of both genders between nine and 12 years old from the selected classes, supported by school principals and teachers. A sample size of 1500 students for countries participating in the GYTS is recommended, because this ensures representative estimates with a precision level of 6 5% (Charrier et al., 2014) .
Data collection
A self-administered questionnaire that was modified from the GYTS Core Questionnaire 2007 (CDC 2008b) was used to assess smoking behaviour among primary schoolchildren in Mahajanga. The GYTS Core Questionnaire 2007 (CDC 2008b) consisted of a total of 54 questions. Some children may have had difficulties completing all questions while maintaining their concentration. Moreover, because the GYTS was intended for 13-to 15-year-olds, some of the questions may have been beyond their understanding. Therefore, we selected 26 basic questions from the core questionnaire, to help schoolchildren to answer the questionnaire easily, and added one question for children who had smoked tobacco at least once: whether their parents were aware that they had smoked.
These 26 basic questions consisted of: 1) tobacco related questions: the prevalence of tobacco use, age of initiation of smoking, places where schoolchildren smoke, history of tobacco smoking by parents and close friends, perceptions and attitudes regarding tobacco use among schoolchildren, existing school-based preventive programs in primary schools, and exposure to media and advertisements relating to tobacco; and, 2) sociodemographic characteristics, including age and gender.
The present study was approved by the Ethical Committee of the Ministry of Health in Madagascar.
Prior to the questionnaire survey, school staff, teachers, schoolchildren and parents were informed verbally about the aims of this study. Moreover, all questionnaires were anonymous, and participation was voluntary to protect participants' privacy. Verbal consent was obtained from each participant and parent before administering the questionnaire.
Statistical analysis
The dependent variable was measured as "Have you ever tried or experimented with cigarette smoking, even one or two puffs?" (Have you ever smoked cigarettes?), based on the responses to tobacco use questions.
Independent variables included age, gender, perceptions and attitudes regarding the usage of tobacco, knowledge about the harmfulness of tobacco to health, tobacco use behaviour depending on familial and friend relationships, the existence of health promotion programs in the school, and exposure to media and advertisements relating to tobacco use. To identify factors associated with smoking among schoolchildren in the city, a Chi-square test was used to compare percentages for each variable. A p-value < 0.05 was considered to be significant. A multivariate stepwise logistic regression analysis was used to identify factors independently associated with smoking status. In this model, parameters with a Chi-square test p-value < 0.05 were included as independent variables. All statistical analyses were conducted using SPSS for Windows Version 18.0 (SPSS, Inc., Chicago, IL).
RESULTS
The total number of subjects was 1079, and the mean age of the sampling population was 10.43 6 1.19 years. Table 1 shows smoking behaviours among the sampled population. A total of 150 schoolchildren (14.0%) declared that they had ever smoked tobacco. A significant difference was observed between smoking prevalence and gender (p ¼ 0.004). The prevalence of smoking among boys was 16.9% (n ¼ 89) and 11.1% among girls (n ¼ 61). A significant difference in the prevalence of smoking was also found between each school (p ¼ 0.014) and age groups (p ¼ 0.028).
Regarding the influence of familial relationships on tobacco smoking, the prevalence of smoking was significantly higher among schoolchildren with parents who were smokers than among schoolchildren with nonsmoking parents (p < 0.001). A similar pattern was observed in the prevalence of smoking in children whose friends were smokers (p < 0.001).
In terms of the attitude towards smoking tobacco, 9.3% of smokers answered that they would smoke tobacco if their best friends offered them a cigarette. A total of 7.3% of children who had smoked responded that they would continue to smoke tobacco for the next 12 months.
Although, 89.2% of non-smokers answered that smoking was harmful, only 68.0% of smokers provided a similar answer (p < 0.001).
A larger number of children who smoke were exposed to media and advertisements dealing with both tobacco promotion and anti-tobacco health promotion. For example, more smokers than non-smokers owned goods with cigarette-brand logos (p < 0.001), and a larger number of children who smoke saw anti-smoking media messages than non-smoking children (p < 0.001).
The characteristics of smokers in Mahajanga are shown in Table 2 . A total of 97.3% of smokers responded that they had smoked within 30 days, indicating that most of the smokers smoked continuously. A total of 30% of the smokers started smoking tobacco at the age of seven or younger. The most popular place to smoke was their home. Moreover, less than half of the smokers bought cigarettes by themselves, and approximately 50% of parents with smoking children knew that their children smoked tobacco.
A logistic regression analysis was implemented to evaluate the relationship between smoking status and other parameters controlling confounding factors (Table 3) .
The dependent variable was smoking status (ever smoker ¼ 1). The parameters that displayed significant relationships with smoking status in the Chi-square test (Table 1) were selected as independent variables. For attitudes toward tobacco use, these three significant independent variables were combined: 1) If my best friends offer me tobacco, I will smoke. 2) I will smoke tobacco within the next 12 months. 3) I will smoke tobacco 5 years from now. If a schoolchild answered "yes" to at least one of these questions, this schoolchild was categorized as having weaker antismoking intentions. If the schoolchild did not answer "yes" to all three questions, this schoolchild was categorized as having antismoking intentions. Regarding exposure to tobacco promoting advertisements, these three significant independent variables were combined: 1) During the past 30 days, I saw cigarette brand names on TV programs. 2) When I went to events, I saw advertisements for cigarettes. 3) I have something (e.g., t-shirt, pen, or backpack) with a cigarette brand logo. If a schoolchild answered "yes" to at least one of these questions, this schoolchild was categorized as a schoolchild that was exposed to tobacco promoting advertisements. If the schoolchild did not answer "yes" to all three questions, this schoolchild was categorized as a schoolchild that was not exposed to tobacco promoting advertisements. Regarding exposure to antitobacco advertisements, these two significant independent variables were combined: 1) During the past 30 days, I saw anti-smoking media messages on TV or in other media. 2) When I went to an event or fair, I saw anti-smoking messages. If a schoolchild answered "yes" to at least one of these questions, this schoolchild was categorized as a schoolchild that was exposed to antitobacco promoting advertisements. If the schoolchild did not answer "yes" to both questions, this schoolchild was categorized as a schoolchild that was not exposed to anti-tobacco advertisements. The number of smoking schoolchildren was higher in Fiofio than in Marcoz (OR ¼ 1.981, p ¼ 0.010). Moreover, the prevalence of tobacco smoking was lower among schoolchildren with non-smoking parents (OR ¼ 0.368, p < 0.001) or non-smoking close friends (OR ¼ 0.433, p < 0.001). Schoolchildren's intention to refuse smoking tobacco (OR ¼ 0.238, p < 0.001) and their knowledge about the harmfulness of tobacco to health (OR ¼ 0.517, p ¼ 0.009) had significant effects on the prevalence of tobacco smoking.
Additionally, schoolchildren who were exposed to antismoking messages smoked more than those who were not (OR ¼ 2.228, p ¼ 0.001) (Nagelkerke R 2 ¼ 0.305).
DISCUSSION
This was the first study to examine the tobacco smoking behaviour of children under 12 years old in Mahajanga, Madagascar and explore the factors influencing smoking behaviour.
The results obtained indicated that 14.0% of schoolchildren (boys, 16.9% and girls, 11.1%) between nine and 12 years old in Mahajanga had smoked tobacco. In addition, 13.5% of schoolchildren in Mahajanga were current smokers, and approximately 30% of smokers started smoking at the age of seven or younger. Namely, Mahajanga schoolchildren started to smoke earlier compared with other areas (Erguder et al., 2008; Sirichotiratana et al., 2008; Zavaleta et al., 2008) . Additionally, we demonstrated that the prevalence of tobacco consumption was high among schoolchildren without knowledge of the harmfulness of tobacco use and with no antismoking intention. Because the progression to regular smoking consists of several stages, including preparation, onset, experimentation, and regular smoking stages (Best et al., 1988) , a smoking prevention program needs to be initiated before the beliefs and attitudes of schoolchildren about the utility of smoking are formed (O'Loughlin et al., 1998) . Although, primary schools in Madagascar provide schoolchildren with health education, such as hygiene practices, HIV and malaria prevention, nutrition, and oral health, its implementation is entirely dependent on the decisions of school principals and school curriculums. Moreover, it is still unclear whether school based non-communicable disease education, including smoking, is being implemented. Therefore, a school-based smoking prevention program should be developed in Madagascar.
Although the school enrolment rate is still low in developing countries, a school is an ideal setting for promoting health, because behaviours and routines are developed and established during childhood, and students' acquired knowledge and experiences enhance the lives of other family members (Cooper et al., 2013) . Additionally, health education is already a part of the school curriculum (Vartiainen et al., 2007) . Several systematic reviews of school-based smoking prevention programs have been conducted, mainly in high-income countries. It has been reported that school-based smoking prevention programs may have long-term effects if they utilize both an interactive delivery method (i.e., training students to refuse smoking offers and using peer leaders to assist teachers with program delivery) and social influence models (i.e., considering the social context and developing public commitment and intentions not to smoke), which can reduce smoking onset by 35-40% (Flay, 2009) . In terms of interactive delivery methods, such as peer leaders, our study revealed that the prevalence of tobacco smoking was higher among schoolchildren with close friends that smoked. Other studies demonstrated that peers strongly influenced children to start smoking O'Loughlin et al., 1998) . According to , peers encouraged children to initiate smoking by providing easy access to cigarettes, communicating information about tobacco use, including how to use cigarettes, and conveying attitudes and social norms favorable to smoking, i.e., smoking may assist with weight loss, particularly among girls (Eriksen and Ross, 2012) . Conversely, if such influential peers could develop competent and credible skills in delivering and imparting antismoking messages, they may create a better and more relaxed environment, without a sense of intimidation, compared to other, more didactic teaching methods (Forrest and Strange, 2002) ; peer education may contribute to preventing smoking. To develop such skills in peers, technical support, supervision, and training for peer educators are indispensable in increasing their knowledge, confidence, and interpersonal skills (Svenson, 1998) . In terms of peer training, school dentists may take an important role in Madagascar. The school dentists' scheme was launched in Madagascar in 2002 because of a high prevalence of dental caries among school children. The Ministry of Health in Madagascar has employed school dentists as civil servants, and 30 school dentists have been dispatched to schools in 6 provinces, including all 15 primary schools in Mahajanga. These dental officers are responsible for school oral health promotion programs such as education, screening, and referrals to the nearest health centres. Furthermore, school dentists have provided oral health education, for parents twice a year, in collaboration with teachers. There is no health practitioner, other than school dentists, on a full-time basis at school settings in Madagascar. Tobacco is a well-known risk factor for oral diseases, such as periodontal disease and oral cancer (Petersen et al., 2005) , therefore oral health professionals can work to include tobacco and oral health issues in school health programs (WHO 2005) , and they can use their expertise to provide support to school teachers and peers to develop their teaching skills. Moreover, through dental check-ups in the school setting, dental professionals may advise schoolchilden about the harmfulness of tobacco to gums and teeth (Vartiainen et al., 2007) . In addition to contributions to smoking prevention, dental professionals may also support tobacco cessation programs for schoolchildren by discussing the negative effects of smoking tobacco, such as bad breath, teeth staining, and calculus accumulation, which are seen in smokers and detected during dental check-ups. Such anaesthetic physical changes may motivate schoolchildren to quit smoking (Matias et al., 2013) . This study also revealed that the prevalence of smoking was low among schoolchildren with non-smoking parents. The results of the present study also indicated that the most popular place to smoke was at home, followed by friends' houses. Approximately 50% of parents with smoking children were aware that their children smoked tobacco. These results suggest that only school settings had a limited impact on preventing students from smoking, because school-based programs may have little or no effect on parental efforts to prevent youth tobacco use and have only a small impact on the influence of steady promotion by tobacco companies (Carson et al., 2011) . In some African cultures, social context prohibits children from refusing offers of tobacco from older persons in the community (Mamudu et al., 2013) . Therefore, the development of comprehensive school health promotion, with a community intervention program, to prevent tobacco smoking is crucial for establishing a smoking prevention program for young people, particularly those in developing countries (Carson et al., 2011; Mamudu et al., 2013) .
Madagascar ratified the WHO Framework Convention on Tobacco Control (WHO FCTC) in 2004 and has banned tobacco advertisement (WHO, 2015b), although many schoolchildren are still exposed to tobacco advertisements. Moreover, schoolchildren who were exposed to anti-tobacco campaigns smoked more than schoolchildren who were not. The possible reason for this association is that the Madagascar law has mandated the health warnings appearance, e.g., anti-tobacco messages, on tobacco packages (WHO, 2015b); smoking children might be more exposed to anti-tobacco messages through tobacco packages than non-smoking children. There is a small, but increasing number of studies that have proven the effectiveness of antitobacco mass media campaigns in low-and middleincome countries. However, most studies on the effectiveness of anti-tobacco mass media campaigns have targeted adults (Durkin et al., 2013) . More research is needed to develop effective mass media campaigns for schoolchildren in low-income settings. Moreover, public health practitioners and policymakers should seek to ensure the implementation of smoke-free policies.
In conclusion, the results of the present study indicate that interventions with tobacco smoking prevention programs are needed and are important for Madagascar schoolchildren when they begin school. Our results suggest that tobacco smoking, among schoolchildren, may be influenced by peers, or parents who smoke tobacco, as well as antismoking intentions and knowledge of the harmfulness of tobacco use. According to our results, a multi-modal school-based smoking prevention program that aims to change the school environment and state policies with wider initiatives within and beyond the school, including programs for parents, schools, and communities, are needed. Such programs may utilize a social influence model (i.e., considering the social context and developing public commitment and intention not to smoke) and an interactive delivery method (i.e., training students to refuse smoking offers and using peer leaders to assist teachers with program delivery). School dentists may also play an important role in school tobacco prevention programs by collaborating with other stakeholders in Madagascar.
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